Abstract: Plants are one of the most important resources of human foods and medicines. Rapidly increasing knowledge on nutrition, medicine, and plant biotechnology has dramatically changed the concepts about food, health and agriculture, and brought in a revolution on them. Nutritional therapy and phytotherapy have emerged as new concepts and healing systems have quickly and widely spread in recent years. Strong recommendations for consumption of nutraceuticals, natural plant foods, and the use of nutritional therapy and phytotherapy have become progressively popular to improve health, and to prevent and treat diseases. With these trends, improving the dietary nutritional values of fruits, vegetables and other crops or even bioactive components in folk herbals has become targets of the blooming plant biotechnology industry. This review attempts to display and remark on these aspects. It summarizes the progress made on nutraceuticals, nutritional therapy, phytonutrients, phytotherapy, and their related epidemiological investigations and clinical studies. It also covers markets of these health-promoting products and disease-preventing or healing systems, as well as regulations behind them that direct the development of biotechnology study and application. Finally, related patents are listed and briefly analyzed, regarding of plant biotechnological research and progress on transgenic crops to improve nutritional value, phytotherapy efficiency, or to produce pharmaceutically important secondary metabolites or high-valued protein medicines such as vaccines and antibodies.
INTRODUCTION
Obtaining adequate nutrients from various foods plays a vital role in maintaining normal function of the human body. With recent advances in medical and nutrition sciences, natural products and health-promoting foods have received extensive attention from both health professionals and the common population. New concepts have appeared with this trend, such as nutraceuticals, nutritional therapy, phytonutrients, and phytotherapy [1] [2] [3] . These functional or medicinal foods and phytonutrients or phytomedicines play positive roles in maintaining well being, enhancing health, and modulating immune function to prevent specific diseases. They also hold great promise in clinical therapy due to their potential to reduce side effects associated with chemotherapy or radiotherapy and significant advantages in reducing the health care cost [4] . The original idea in these concepts goes back three thousand years ago. Hippocrates (460-377 BC), the well-recognized father of modern medicine, stated "Let food be thy medicine and medicine be thy food" to predict the relationship between appropriate foods for health and their therapeutic benefits [3] . The truth in this saying is widely recognized today. cultures with more instant and tasty meals, but decreased quantity and quality in nutrients. At the same time, industrialization has caused numerous air and water pollutions, and soil and food contamination because of extensive use of various chemicals, heavy metals, electromagnetic waves, and other potentially harmful man-made items. These problems have led to an increased incidence of diabetes, obesity, various cancers and vascular diseases, physiological problems, as well as other degenerative diseases. The raised demands for health care have dramatically increased the cost of medical care. Now, more and more people realize that a healthy body is more important than money or work in their lives. Therefore, people have tried to achieve a better quality of life by eating more vegetables, fruits, and other plant foods, taking dietary supplements or nutraceuticals, or using nutritional therapy or phytotherapy to replace chemotherapy or radiotherapy [3, 5, 6] .
In this background, with increasing demands for nutraceuticals, phytonutrients and their therapeutic services, manufacturers, marketers, and related licensed professionals have grown up accordingly. Scientific studies also have expanded to these areas and have given supports to many of these products and therapeutic services. Furthermore, plant biotechnologists have put lots of effort to engineer plants and crops in order to improve their nutritional value. There are already many plant biotechnological products, which are patented in an increasing number and diversity. This review attempts to summarize the recent progress on these new health care concepts, as well as the marketing and regulations about nutraceuticals, nutritional therapy, phytonutrients, and phytotherapy. Epidemiological studies or clinical trials on these nutritional products and therapeutic practices are included. Particularly, some pending or issued patents on plant biotechnology for improving nutritional value of plant foods or phytonutrients are highlighted.
NUTRACEUTICALS
The term "Nutraceutical" combined from "Nutrition" and "Pharmaceutical" in 1989 by Dr. Stephen DeFelice, is defined as food or part of a food that provides medical or health benefits [7] . Nutraceuticals also refer to natural functional/medical foods or bioactive phytochemicals that have health promoting, disease preventing or medicinal properties. These nutraceuticals normally contain the required amount of vitamins, lipids, proteins, carbohydrates, minerals, or other necessary nutrients, depending on their emphases [8, 9] . The concepts of nutraceuticals, functional or medical foods, or dietary supplements are confusing and most often they can be used interchangeably. These concepts may be distinguished by their description from different points of view, e.g. functional food is a more general term to emphasize foods with specific or strong purposes [3, 10] ; Dietary supplements have more defined health roles such as vitamins, minerals, herbs or other botanicals, amino acids, and other dietary substances intended to supplement the diet by increasing the total dietary intake of these ingredients [11] . Dietary supplements are not intended to treat or cure disease [12] , whereas nutraceuticals more emphasize the expected results of these products, such as prevention or treatment of diseases [3, 8] .
Various nutraceuticals are used in nutritional therapy, which is mainly based on scientific research and with more clear information about chemical structures, biological functions, clinical information, and quality control [13] . Although most nutraceuticals currently used are known vital nutrients for the human body, many details such as dose, drug-drug interaction, nutraceutical-drug interaction, and their effects on individuals under certain health conditions remain elusive [9] . It is normally assumed that keeping proper nutrient balance is required to maintain a healthy status of the human body, and that excess intake of any nutrient may not benefit or even can be harmful to health. Increasing knowledge from food chemistry, nutritional, and clinical studies is providing more insight into our understanding of biological functions, usage, and potential adverse effects of nutraceuticals [8, 9] . This advanced knowledge could also help to standardize manufacturing processes and clinical practices and at the same time could add more value to nutraceutical markets [14] . Some selected patents on nutraceuticals are listed in Table 1 with corresponding therapy methods in patents .
NUTRITIONAL THERAPY
Nutritional therapy is a healing system using dietary therapeutics or nutraceuticals as a complementary therapy. This therapy is based on the belief that foods can not only be sources of nutrients and energy but could also provide medicinal benefits. In other words, foods can be medicine if they were properly prepared. Both a long folk history of foods, along with modern scientific research, continue to extend the idea about functional foods or nutraceuticals. Nutritional therapy mainly uses functional food, nutraceuticals, and dietary supplements to promote the body's natural healing based on knowledge from food sciences, clinical nutrition studies, and epidemiological studies [54] . According to nutraceutical and nutritional therapy theory, it achieves this goal by using efficacy of such nutraceuticals in detoxifying the body, avoiding vitamin and mineral deficiencies, and restoring healthy digestion and dietary habit. Although many health problems require specific medications, many other conditions such as some degenerative and chronic diseases can be relieved alternatively with nutritional therapy. These disorders may range from chronic fatigue, energy loss, insomnia, and osteoarthritis, to backache, skin complaints, and asthma [2] . A comprehensive nutritional therapy always tries to employ as many healthaffecting factors as possible to improve the overall health conditions of an individual. It depends not only on balanced dietary nutrients, but also enough exposure to sunlight, fresh air, pure water, proper exercise and rest, emotion and selfcontrol, to build up a healthy human immunity. The immune system is a basic and essential part of the disease-defense system. Even in clinical settings, nutritional therapy gets more and more attention in helping recovery of various kinds of patients [54] 
PHYTONUTRIENTS
The term phytonutrients refer to plant nutrients with particular biological activities in supporting human health. This concept not only covers the human foods derived from agricultural products, but mainly refers to phytonutrients which act as modifiers of physiological function [1] . As compared with the concepts such as functional foods, dietary supplements, and nutraceuticals, phytonutrients emphasize more specifically natural bioactive compounds from plants with general benefits to human health, which become closer to or even overlap with phytomedicines. The wide use of phytonutrients reflects a fact that nutrition science has advanced beyond the treatment of deficiency syndromes to reduce disease risk. Food nutrients are no longer evaluated only in terms of macronutrient and micronutrient levels. Contents of some biologically active compounds are becoming more important.
Almost every nation has traditional folk medicines or folk remediation with medicinal plants [1] . Plants as natural medicines to benefit humans have a long history, particularly in some nations such as China, India, Egypt, and Greece. Thousands of years of using plants have accumulated numerous information and experiences in different nations worldwide about use of medicinal plants and their functions or toxicities [55] . The secondary metabolites of plants provide humans with numerous biologically active products, which have been used extensively as food additives, flavors, colors, insecticides, drugs, fragrances, and other fine chemicals. These plant secondary metabolites include several classes such as terpenoids, flavonoids, and alkaloids, have diverse chemical structures and biological activities, and exist widely in different crops such as rice, wheat, maize, and soybean. Therefore, these natural compounds as dietary components have considerable impact on human health. Plant foods rich in dietary fiber have well-addressed benefits to people, such as improving digestive system health, reducing the risk of heart disease, and preventing weight gain [56] . This is another reason why eating plant foods helps to maintain overall health. Exploration of new phytonutrients and increasing useful phytonutrient levels in plants have led to many patents registered Table 2 which also include methods of phytotherapy for particular treatments .
PHYTOTHERAPY
Phytotherapy mainly refers to using medicinal plants or herbals to prevent or cure diseases or to improve health conditions. Most phytotherapies are developed from folk medicinal plants. This concept is a summary for evidencebased healing system that is practiced by people widely all over the world. Compared with nutritional therapy, phytotherapy is more complicated because of use of many phytonutrients with diverse chemical structures and biological activities. Most phytotherapy strategies are ahead of the scientific basis and without strict controls in quality, safety, and efficiency [1, 81] . However, phytotherapy has a long history and has been used worldwide. Some phytotherapy strategies have been well recognized since they have been extensively studied in chemistry and pharmacology and are partly proven by clinical trials [1] Phytotherapy relies on more phytonutrients with the discovery that many plant food components can not only modify physiological function but also aid in medical practices such as drug delivery. Epidemiological studies have shown protective effects of plant-based diets on cardiovascular diseases and cancers, as well as other wide aspects of health problems such as obesity and diabetes [1, 82, 83] . In particular, a close correlation has been suggested between dietary flavonoid intake and decreased mortality from coronary heart disease, partly due to the inhibition of low density lipoprotein (LDL) oxidation and reduced platelet aggregability by flavonoids [83] . Dietary intake of flavonoids ranges between 23 mg/day estimated in The Netherlands (mainly tea, onions, apples, and red wine) and 170 mg/day estimated in the USA. The consumption of 30 to 50 mg per day of soy isoflavones in the traditional eastern diet may help lower the incidence of breast cancer [1] . Bioactive compounds normally occur in small quantities in plant foods as nutritional constituents. Biochemistry and phytochemistry studies have identified the exact bioactive compounds, such as flavonoids, alkaloids, terpenoids, phytoestrogens, and other classes of phytochemicals [84] . Some natural products with specific and strong biological activities have been developed into medicines applied to chemotherapy, such as vincristine and taxol. Almost all plant foods have specific natual products with certain bioactivity [84] . Hydroxytyrosol from olives and olive oil is a potent antioxidant. Resveratrol found in nuts and red wine has strong antioxidant, antithrombotic, anti-inflammatory, and anti-carcinogenesis activities. Lycopene from tomatoes and other fruits is a potent antioxidant carotenoid protective against prostate and other cancers and inhibiting tumor cell growth in animals. Organosulfur compounds in garlic and onions even have more multifunctional benefits to human health. Isothiocyanates in cruciferous vegetables, and monoterpenes in citrus fruits, cherries, and herbs have anticarcinogenic actions in experimental models, as well as cardioprotective effects. Naringenin (4´,5´,7-hydroxyflavanone) found in grapefruit can slow hepatic detoxification of prescription drugs like cyclosporine and thus potentially help prevent rejection of transplanted organs [1] . All these examples are just a small portion of science-based phytonutrient and nutritional therapy recommendations. Many other plants, not used as foods, are now being studied for their potential as phytonutrients or phytotherapy materials. Cruciferous vegetables such as cabbage, cauliflower, and broccoli possess unique phytochemicals able to modify the metabolism of estrogen. Supplemental use of such phytochemicals as dietary indole diindolylmethane from these vegetables provides nutritional support to enhance the beneficial action and safety of estrogen. Various phytoestrogens act both as antioxidants, estrogen agonists and antagonists with multiple effects on anticancer benefiting [82] . An optimal "estrogen balance" has implications for cancer prevention and successful aging in both women and men. The Federal Food and Drug Administration (FDA) seldom makes recommendations for nutraceuticals or phytonutrients. But in 2001, FDA approved the claim that soluble fiber from foods such as oat may reduce cholesterol and the risk of heart disease. Dietary fiber nutraceutical has been showed to reduce cholesterol level and maintain weight, therefore has promising benefits to obesity and diabete patients [56] .
MARKETS
Synthetic drugs and pharmaceuticals based on extensive safety, efficacy, mechanistic and clinical studies have significantly contributed to improvement of overall human health. However, a large number of these drugs have been withdrawn from the marketplace due to various toxicities and other adverse effects [3] . Now people are greatly concerned about how their health care is managed and priced. More and more people are frustrated with expensive high-tech generated modern medicines with potential harmful side-effects. The unaffordable medicines, increased Generally, the use of nutritional therapy, nutraceuticals, and phytotherapy results from several reasons including (1) highpriced modern medicines with limited success on many degenerative diseases, such as osteoarthritis, which have driven people to look for alternatives to modern drugs with potential harmful side effects; (2) evidence-based phytotherapy in many nations is still very popular, and more customers begin to try nutritional supplements to prevent illness. (3) growing knowledge from nutritional research and pharmacological or epidemiological studies have suggested a close relationship between nutritional therapy or nutraceutical intake and the promotion of health conditions.
In addition, the expansion of markets for nutraceuticals, nutritional therapy, and phytotherapy have also been due to the relatively loose regulations on the marketing of these products or the practicing of these therapies [11, 6, 85] . In the United States, FDA established very detailed laws about drugs and foods to regulate pharmaceutical and food manufacturing, marketing and clinical practices and activities. However, there is still no clear regulation on food supplementation, nutraceuticals, or phytotherapy [12] . The Federal Food, Drug, and Cosmetic Act does not provide a statutory definition of functional foods, and FDA thus has no authority to establish a formal food in conventional form as a nutraceutical, dietary supplement, or a medicinal food [12, 86] . Although many governments have started to establish more complete and restrictive regulations on the market, this situation potentially has allowed companies and nutritional professionals to pursue large and potential profits from nutritional and phytotherapy markets. [3] . With the increasing markets, the team of nutrition professionals is also expanding to provide services on nutrition therapy or nutrition practice for health promotion or disease treatment. In the United States, two kinds of nutrition professionals, nutritionists and dietitians, are recognized by the government. Many registered dietitians practice medical nutrition therapy, which requires their advanced knowledge and skilled treatments. Many registered nutritional therapists declare importance and special success of nutritional therapy, and they try hard to demonstrate the beneficial role of health foods, nutraceuticals, nutritional therapy in health promotion, disease prevention and treatment. Their activities directly led to rapid growth of functional foods, nutraceuticals, and nutritional therapy or phytotherapy markets in the United States and worldwide. The preference for the discovery and production of new nutraceuticals over pharmaceuticals is well seen in pharmaceutical and biotechnology companies [4, 13] . Some pharmaceutical and biotechnology companies commit major resources to the discovery of nutraceuticals.
REGULATIONS
The governmental administration of food and drugs in many countries such as the United States of America (http://www.cfsan.fda.gov/list.html), Canada (http://www. hc-sc.gc.ca/index_e.html), European Union (http://www. emea.eu.int), China (http://www.sfda.gov.cn/cmsweb/web portal), and India (http://mohfw.nic.in/), have strict regulations on food and drugs in terms of manufacturing, servicing, and marketing, and usage [3, 8, 86] . But not all has a complete regulation on nutraceuticals and phytonutrients as well as their therapies. Many countries are making corresponding laws, or complementary regulations, or addressing issues with new explanations [87] [88] [89] . The legislation for the marketing of functional foods in the European Union (EU) was in legislative process [88] . Particularly, the safety-basis of nutritional or phytotherapy products are based on risk analysis. In Europe, scientific risk assessment is performed by the European Food Safety Authority and risk management is performed by the European Commission. Canadian government provides some guidelines for evidence-based clinical practice of clinical nutrition support, enteral or parenteral nutrition for ill adults [90] .
The more detailed regulations on nutraceuticals, phytonutriton or phytotherapy, or nutritional therapy are being worked out through consultations with expert panels who can provide descriptions of regulatory hurdles for these products and practices, Good Manufacturing Practice (GMP) compliance, Generally recognized as safe (GRAS) status, analytical methods and validation [3, 8, 86] . For instance, a workshop on "Natureceuticals, Nutraceuticals, Herbal Botanicals, Psychoactives: Drug Discovery and Drug-Drug Interactions" was held recently to discuss several of these topics [91] . Various government-supported projects study on improvement of nutritional professional services for the public. For example, studies indicated that dietitians' ability to incorporate an evidence-based approach is largely determined by their education and training, work experience, and professional association involvement [92] . Therefore, advanced education and training is important for dietitians to participate in nutritional services, contribute to knowledge discovery, translation, and outreach to improve the nutritional status and health of populations [93] . In addition, databases for nutraceuticals, phytonutrients, or nutritional therapy or phytotherapy have also grown and are available to serve the public [94] [95] [96] [97] .
CLINICAL STUDY ON NUTRITIONAL THERAPY
Many clinical trials have been carried out to investigate nutritional supplementation (therapy) on various health problems. An oral nutritional supplementation (a complete nutritional supplement with 223 subjects) for older acutely ill patients showed improved nutritional status and led to a statistically significant reduction in the number of nonelective readmissions [98] . One small-scale study showed that enteral nutritional supplementation is effective in improving nutritional intake and status in stroke patients who do not have swallowing difficulties [99] .
Clinical trials on treatment of severe chronic hepatitis and posthepatic cirrhosis with nutritional support has been carried out [100] . Results show that nutritional support treatment could obviously improve the nutritional status of these patients, and was helpful to ameliorate the liver function of the patients with severe chronic hepatitis. A preliminary clinical trial on effectiveness of a combined therapy with vitamin B12, folate, erythropoietin, and orally and intravenously administered iron on premature infants suggests that this combined therapy is more effective in stimulating erythropoiesis than each single treatment [101] . There is enough evidence to prove that an appropriate nutritional contribution is related to less morbidity and mortality. A recent clinical trial has shown the effectiveness of enteral supplement with glutamine, arginine, and omega-3 fatty acid on acute severe pancreatitis [102] .
Using osteoarthritis as an example, it can be demonstrated how nutraceuticals work and conflicts occur between nutraceuticals and pharmaceuticals. Osteoarthritis is a very common degenerative and chronic disease. Causes and mechanisms for this disease are very diverse and complicated, and there is no specific and effective medicine for osteoarthritis. On the other hand, many successful examples can be found about excellent effects of nutraceuticals on this disease, with broad acceptance by patients. Nutritional factors can be expected to exert favorable influences on pathophysiological processes in osteoarthritis. Such processes include oxidative damage, cartilage matrix degradation and repair, and chondrocyte function and responses in adjacent bone. Micronutrients for which preliminary evidence of benefit exist include vitamin C and vitamin D. In addition, numerous nutraceuticals that may influence osteoarthritis pathophysiology-including glucosamine, chondroitin, S-adenosylmethionine, ginger and avocado/soybean unsaponifiables have been tested in clinical trials (for review and references therein, see [103] ). Although many clinical trials show very significant effects of glucosamine, chondroitin sulfate, and collagen hydrolysate on relieving osteoarthritic symptoms, studies in the United States also have revealed that a number of preparations contain significantly lowere dosages than what is claimed for the included nutritional components (normally glucosamine, 1500 mg, and chondroitin sulfate, 1200 mg, daily) [104] . Therefore, dietary supplementation and nutraceuticals used in conjunction with non-steroidal, anti-inflammatory drugs may benefit patients with these joint disorders. Goggs et al. [105] and Ameye et al. [106] systematically examined many human clinical trials that evaluated the effects of nutritional compounds on osteoarthritis. Among all reports about randomized human clinical trials in osteoarthritis that investigated the effects of oral interventions with glucosamine and chondroitin sulfate on osteoarthritis [104] , good evidence was found for avocado soybean unsaponifiables; moderate evidence was found for methylsulfonylmethane and SKI306X, a cocktail of plant extracts. Limited evidence was found for the Chinese plant extract Duhuo Jisheng Wan, cetyl myristoleate, lipids from green-lipped mussels and plant extracts from Harpagophytum procumbens. Therefore, it is concluded that scientific evidence exists for some specific nutritional interventions to provide symptom relief to osteoarthritic patients [104] . Even with wide acceptance of nutritional therapy by osteoarthritis patients, these nutraceuticals are not FDA-evaluated or recommended for the treatment of osteoarthritis. The scientific and medical community remains skeptical about the effects of nutrition for osteoarthritis. They are only available as health food supplements due to the number of studies on toxicity, particularly with respect to long-term evaluations on such therapy is still limited [104] . Such safety reasons affecting the use of these nutraceuticals have driven more scientific studies on it.
Strong evidence shows that early enteral feeding of patients with nutritional therapy reagents prevents infections in a variety of traumatic and surgical illnesses. Dietary supplementation with glutamine appears to lower the risk of post-surgical infections and the ingestion of cranberry products has value in preventing urinary tract infections in women [107] . Investigations suggest that the use of dietary supplements (vitamins, minerals, and nutraceuticals) as one of many healthy behaviors can generally enhance one's health status, such as lowering cardiovascular risk [108] . In support of enteral feedings for patients admitted to intensive care units, a medical nutrition therapy protocol was proposed on the basis of clinical outcomes from clinical practices to enteral feeding of critically ill patients [109] .
CLINICAL STUDY ON PHYTOTHERAPY
It is well known that health benefits are associated with diets containing different bioactive phytochemicals or nutraceutical compounds [1] . For example, consumption of a large amount of grapes and its products such as wine have contributed to the low risk of chronic diseases, such as coronary heart disease and certain cancers [110] . The increasing knowledge about polyphenols such as stilbenes and anthocyanins, and condensed tannins such as proanthocyanidins, dietary indoleamines like melatonin and serotonin from grape and wine and their biological effects further support the health benefits of consumption of grape and their products due to their bioactive chemical diversity [110] . OPC (oligomeric proanthocyanidins) is a combination of plant derived bioflavonoids. OPC is patented by Professor Jacques Masquelier of the University of Bordeaux (France). It is made from a combination of grape seed, pine bark and red wine extracts in addition to bilberry and citrus extracts. OPC has been marketed for many years in Europe and USA as a nutraceutical or phytotherapy product with strong antioxidant and anti-aging agents. Oxidative stress-caused lipid peroxidation can be involved in the etiology of atherosclerosis, cardiovascular diseases, and cancer. The soy isoflavone phytoestrogens, genistein and daidzein, and a daidzein metabolite equol produced by intestinal microflora have potent antioxidant activity. Particularly, equol is an inhibitor of low density lipoprotein (LDLs) oxidation taking place in the arterial intima. Therefore, intake of soy-derived antioxidants provides protection against oxidative modification of LDL, and helps to reduce the risk of atherosclerosis, cardiovascular disease, and cancer [111, 112] . Also, soy isoflavones are thought to be cardioprotective due to their structural similarity to estrogen. A randomized, doubleblind, placebo-controlled, cross-over study with thirty healthy postmenopausal women indicated that 8 weeks consumption of cereal bars enriched with 50 mg soy isoflavones/d increased plasma nitrite and nitrate concentrations and improved endothelium-independent vasodilation in healthy postmenopausal women [113] . There are continuously increasing numbers of breast cancer patients in Western societies, relative to Asian countries. Investigations suggest that the likely contributory factor to this difference may be that Asian women take a vegetarian diet with higher intake of legumes and other plant foods containing a variety of lignans, dietary fibres, and isoflavonoids, which act as nature's sex hormone modulators and provide oestrogenic effects and an anti-oestrogenic competitive effect [114] .
Compared to plant-derived drugs that often consist of one single natural compound in combination with other minor chemicals, herbs or phytotherapy materials often contain multiple bioactive components with multiple targets during intake and therapy. Phytotherapy strategies using herbal drug combinations with superior efficacy and lesser side effects in comparison with single isolated constituents of plant extracts has been repeatedly assessed clinically as well as pharmacologically [115] . Recently, a summary of main aspects from a Health Technology Assessment report on Traditional Chinese Medicine (TCM) in Switzerland concerning effectiveness and safety was given [116] . TCM training and practice for physicians in Switzerland are officially regulated. A multicomponent herbal preparation, STW 5, has been clinically proved effective for the treatment of patients with functional dyspepsia and irritable bowel syndrome [117] . Just like many other Chinese herbal medicines are obtained from various plants and contain complex extracts with different active substances, this phytomedicine is a combination of nine plant extracts with different active constituents. The clinical efficacy of this multicomponent herbal preparation questions the current trend of highly targeted drug molecules that usually target one single receptor population while it has not been shown that a single receptor group plays a pivotal role for the control of symptoms. Hijikata et al. [118] evaluated the effectiveness of traditional Chinese herbal formulation Bu-yang-huan-wutang, for treating epilepsy stemming from cerebrovascular dysfunction. Decrease of seizure frequency and severity in all three epileptic patients was achieved with Bu-yang-huanwu-tang therapy according to the principles of Traditional Chinese Medicine theory. This treatment mainly relied on the resolution of blood stagnation in cerebrovascular systems. Blood stagnation is an important underlying pathology of many disease processes [118] .
Allergic rhinitis is the most frequently occurring immunological disorder. Current therapies are far from satisfactory. A traditional Chinese polyherbal formulation Aller-7 comprising seven medicinal herbal extracts was assessed in a multicenter clinical trial for treatment of allergic rhinitis with 545 patients [119] . Results show that Aller-7 is well tolerated and efficacious in patients with allergic rhinitis without any serious adverse effect [119] . Similarly, another formulation was also studied in clinical trial and appears to offer symptomatic relief and improvement of quality of life for some patients with seasonal allergic rhinitis [120] . The efficacy and safety of the butterbur leaf extract Ze 339 were tested by Swiss scientists on patients with seasonal allergic rhinitis [121] . In an open postmarketing surveillance study, symptoms of seasonal allergic rhinitis improved in 90% of patients (580 patients). Butterbur leaf extract Ze 339 was confirmed by 3 GCP trials and 2 postmarketing surveillance trials to be safe and efficacious in the treatment of patients with seasonal allergic rhinitis [121] . All these studies clearly suggest that muticomponent traditional herbals can offer a very efficacious and better therapeutic option to patients in many diseases. However, a lack of information on the phytochemistry and pharmacological section of phytochemicals, or the synergistic effects of phytotherapies may eventually threaten and damage the customers and market [115] . Advances in drug synergy research using standardized plant extracts may open the chance to use extract combinations for the treatment of diseases as chemotherapeutics have in the past.
On the other hand, negative effects of some diets have also been investigated to gain scientific understanding. High dietary fat consumption is associated with endothelial activation in men and this detrimental effect is likely attributable to the saturated fatty acid content of the diet [122] . Higher intake of trans fatty acids has been associated with a higher risk of cardiovascular disease, as indicated by adverse effect on both lipid profile and endothelial function [123] [124] [125] . Mozaffarin group established a link between trans fatty acid intake and high risks of coronary artery disease and diabetes in women by indicating that dietary intake of trans fatty acid is associated with systemic inflammation in generally healthy women, as reflected by higher tumor necrosis factor α-receptor concentrations and higher interleukin 6 and C-reactive protein concentrations in women [124] .
NUTRACEUTICALS AFFECT HUMAN BEING FROM STEM CELL
Recently the significant potentials and promising application of stem cell research has been an extremely hot topic in medicine. Stem cell transplantation is assumed to be able to cure many diseases [126] . Some researchers also have investigated the effects of certain nutraceuticals on stem cell growth and proliferation, which could stimulate endogenous stem cells to reach healing and regenerating goals, as an alternative to stem cell transplantation. Bickford et al. [127] reported a dose-related effect of blueberry, green tea, catechin, carnosine, and vitamin D 3 on proliferation with human bone marrow as compared with human granulocytemacrophage colony-stimulating factor, and combinations of nutrients can synergistically promote proliferation of human hematopoietic progenitors, suggesting another potential role or mechanism by which nutraceuticals promote health and healing capability of human body.
Although any mediation including herbs during pregnancy needs to be carefully checked [128] , the effects of nutraceuticals on pregnant women, development and differentiation of the infants and young children are essential for health of new generations [10] . It is believed that nutritional factors during early development not only have short-term effects on growth, body composition and body functions but also exert long-term effects on health, disease and mortality risks in adulthood [10] . There are indications for some beneficial effects of nutraceuticals such as antioxidant vitamins, essential amino acids, and polyunsaturated fatty acids in infant foods on the developing immune response. Actually, mineral intakes such as Ca, P, Mg, Fe, Zn, I, F, and B, as well as vitamins D and K are important for the growth and development of bone and human nervous system [10] . Collaboration of clinicians, epidemiologists and basic scientists in an EU funded research project (www. metabolic-programming.org) on the relationship between early nutrition and later health should provide further insights into metabolic programming and help to transfer scientific progress into clinical practice [129] .
BIOTECHNOLOGY ON PLANT NUTRITION FOR HUMAN HEALTH
Biotechnology is the technique utilizing various living organisms to produce desired products or to carry out tasks for purposes of human being [130] . The oldest biotechnology may be fermentation of microorganisms to make breads and soups. The new technology can use genetically modified organisms, such as transgenic plants or engineered bacteria, to benefit human beings. Now, scientists are using genetic or metabolic engineering to increase crop yields and certain nutrients (like vitamins, minerals, and essential amino acids or fatty acids) and medicinal compounds, or even produce vaccines, antibodies, or medicines that are traditionally generated by animals or human body. Many current biotechnologies applied in agriculture, food science, and medicine, are focused on human heath.
After decades of development, biotechnology has created a number of results such as various new cultivars either by traditional crossing or transgenic breeding. Super-rice that exhibits high yields has been invented by Chinese scientists, Golden Rice with high levels of the pro-vitamin A carotenoid, beta-carotene, was invented by Swiss and German scientists [131, 132] , and many other crops have been invented with improved agricultural traits such as drought-, salt-, insect-, or disease-resistance, that have also significantly improved yields of many crops. Dietary nutrient deficiencies, e.g. lack of vitamin A, I, Fe or Zn, are a major source of morbidity (increased susceptibility to disease) and mortality worldwide [130] . These deficiencies especially affect children by impairing their immune systems and normal development and causing disease and ultimately death. The best way to avoid micronutrient deficiencies is dietary supplements or diets rich in vegetables, fruits and animal products. Another approach is eating more nutrientenhanced staple foods, such as sweet potatoes or Golden Rice, which are rich sources of pro-vitamin A [131, 133] .
ENGINEERING PLANTS FOR IMPROVED NUTRI-TIONAL VALUE
Currently, due to the lack of enough knowledge about usage, outcome, and safety of many nutraceuticals, phytonutrients, as well as their corresponding therapies, many efforts have been put on these studied. However, from many aspects of nutritional value including quality and quantity, our food pantries is very limited in supplying adequate nutrients for human being, as indicated by an investigation [134] . Therefore, how to produce the nutritional products in plant foods is becoming a major issue. Increasing contents and qualities of many desired nutrients in plant foods is a huge metabolic engineering project. Manipulation of biosynthetic or metabolic pathways and overproduction of nutrients such as vitamins, minerals, long-chain polyunsaturated fatty acids, and other phytonutrients including flavonoid, terpenoid, and alkaloid in crops or medicinal plants have made a number of successes. These engineered crops have been one of the most expected breakthroughs in plant biotechnology.
VITAMINS
There is much information about the essential roles of various vitamins in maintaining normal metabolism and health status. Deficiency of any kind of vitamins can cause distinguishable clinical symptoms. Scientific knowledge about vitamin metabolism and functions are well accumulated. Therefore, most nutraceutical or nutritional therapy products contain some vitamins, such as common vitamins like vitamin A, vitamin Bs, vitamin C, vitamin D, and vitamin E. Most newly designed nutraceutical formulas listed in Table 1 for various purposes contain quite lots of different vitamins.
A large portion of vitamin sources for human beings is from plant foods, plant biotechnology thus has been used for improvement of contents of vitamins in crops. An excellent example is "Golden Rice", a transgenic rice with a high level of the pro-vitamin A β-carotenoid in its grains [132] . Currently, absorption studies with Golden rice are being carried out with humans, to test the efficiency of absorption and conversion of beta-carotene into vitamin A [131] . Overproduction of β-carotenoid has also achieved in other crops [133] .
Vitamin Bs are most water soluble enzyme cofactors, playing essential roles in numerous physiological and cellular processes. Plant foods provide a major portion of vitamin Bs for humans. Engineering vitamin Bs production in plants and microorganisms have been studied [135, 136] . Yet due to diverse and complex structures and biosynthetic pathways, success on it is still limited [137, 138] . For example, cobalamin (Vitamin B12) belongs to the same class of compounds as heme and chlorophyll with a complicated structure. Its biosynthesis that may require around 30 enzymes remains one of most enigmatic and exigent metabolic pathways in nature [137] . Biotin (Vitamin H) biosynthetic pathway is not clear yet [138] . A genetic engineered tomato lines could increased their folate content by up to 10-fold compared with control, suggesting a great promise in application [136] . The dairy starter bacterium Lactococcus lactis has the potential to synthesize both folate (vitamin B11) and riboflavin (vitamin B2). The engineered Lactococcus lactis strains produce more riboflavin or folate [135, 139] .
Vitamin C is essential to prevent disease associated with connective tissue and to improve cardiovascular and immune cell functions, and it is also used to regenerate vitamin E. In contrast to most animals, humans cannot synthesize ascorbic acid. Vitamin C, therefore, must be obtained from dietary sources. With increased understanding of vitamin C biosynthetic pathway, metabolism, and regulations, transgenic vegetables with improved vitamin C level have been generated. Vitamin C levels also can be increased through strategies to change the recycling of vitamin C in plants [140] . A genetically engineered maize line with Vitamin C biosynthetic gene successfully increased vitamin C level by up to 100-fold [140] .
Tocopherols and tocotrienols, known as vitamin E, are important lipophilic antioxidants for animals and humans. Vitamin E has been touted as a panacea for age-related diseases, including cardiovascular disease and Alzheimer's disease and, thus, the demand for this nutraceutical has increased dramatically in recent years. Different strategies to engineer the vitamin E content in photosynthetic bacteria and plants have been reported. Metabolic engineering of vitamin E production in important crops such as soybean seeds is under going [141] . Transgenic expression of the barley HGGT (homogentisic acid geranylgeranyl transferase) in Arabidopsis thaliana leaves resulted in a 10-to 15-fold increase in total vitamin E antioxidants (tocotrienols plus tocopherols). Overexpression of the barley HGGT in corn seeds resulted in an increase in as much as 6-fold increase in tocotrienol and tocopherol content [142] . Expectations using these metabolic engineered plant foods could be realized in near future. These vitamin-overproducing crops, such as soybean and barley, not only increase nutritional value of foods, but also can make such foods as good medicines served for vitamin-deficient people.
MINERALS
Ca, I, Zn, Fe, Mn, Mg, and other mineral elements are essential components for human health. Deficiency of any one of these minerals may cause serious health problems. Dietary Ca, Zn, Fe, and other minerals are taken from both meats and plant foods. Due to various reasons, mineral deficiencies, mainly Ca, Zn, and Fe deficiencies, are the major health problems in developing countries, particularly for infants and children. Zn or Fe deficiency causes poor growth, impaired immune function, and delayed mental development. Although numerous mineral supplements or mineral-containing nutraceuticals are available on the market, poor absorption of Ca, Zn, and Fe by the humans significantly limits effectiveness of these supplements. Many reasons, such as dietary habits, lipids and vitamin cofactors, or mineral-mineral interactions during absorption, as well as health status of individual, can influence their absorption. Nevertheless, increasing dietary Ca, Fe, and Zn in plant foods is an important strategy to enhance mineral nutrition [143] . Therefore, it is important to know mechanisms by which plants take up these ions and accumulate in plant cells in the bio-available forms rather than precipitated salts or crystals [144] . Oxalate or phytate forms of Ca, Zn, or Fe could dramatically decrease the bioavailability of dietary minerals and inhibit the absorption of these minerals by humans. Using biotechnology to modify crops or vegetable plants to decrease oxalate or phytate levels (or completely remove them) could increase the availability and absorption of these minerals.
FLAVONOIDS
As multiple benefits of eating flavonoid-rich plant foods for human health are well documented, increasing particular bioactive flavonoid species in plant foods has become of great interest. Genetically modified tomatoes contain high levels of flavonols such as quercetin, kaempferol, and glycosides and flavones such as luteolin, lycopene and luteolin-7-glucoside in their peel tissue [145, 146] , resveratrol level in Brassica napus seed has also dramatically increased [147] . Consumption of these transgenic tomatoes has been shown to yield certain health benefits in mice [148] . Table 3 lists some patents related usage of flavonoids as phytonutrients for various health-promoting and diseaseprevention or treatment, as well as production of particular flavonoids in plants .
On the other hand, flavonoids are highly consumed bioactive phytonutrients that are taken daily in large amounts by humans. Most flavonoids from flavonoid-rich foods are extensively metabolized by human body, which can affect their antioxidant capacity. Flavonoids are absorbed from the gastrointestinal tracts of humans and animals and excreted either unchanged or as flavonoid metabolites in the urine and feces. It is assumed that the large increase in plasma total antioxidant capacity observed after the consumption of flavonoid -rich foods may not be caused by the flavonoids themselves, but likely by the increased levels of uric acid [196] . In addition to flavonoids, fruits and vegetables contain many macro-and micronutrients that may directly or indirectly affect their absorption, activity, and metabolism. Absorption and metabolism of most plant secondary metabolites can occur either inside the gut (such as by microorganisms) or inside liver cells by P450 enzymes.
TERPENOIDS
Terpenoids are the most diverse and largest class of plant natural products with wide industrial application, as provitamin A, vitamin E, flavors, pharmaceuticals, perfumes, insecticides, and anti-microbial agents. Metabolic engineering of terpenoids in plants has proven to be a fascinating effort [197, 198] . Monoterpenes are major flavors used by humans. Peppermint oil is a popular flavoring agent or fragrance component in cosmetics and food products. Engineering peppermint oil production in transgenic peppermint plants with improved productivity has been achieved [199] . Coenzyme Q is an electron transfer terpenoid in the respiratory chain. It is a lipid-soluble antioxidant and is a very popular food supplement. Recently, genetic engineering of the coenzyme Q production in plants has been tried [200] . Other valuable terpenoid compounds that have been modified include the introduction of β-carotene to tomato fruits and rice [201] and zeaxanthin to potato tubers [202] . Tomato is a major food crop and the principal source of the carotenoid lycopene. Epidemiological studies have clearly shown the great benefits of consumption of tomato to human heath due to tomato carotenoids, mainly lycopene, β-carotene, and lutein [203, 204] ). Tomato carotenoid levels have thus become important nutritional quality parameters and agricultural traits [204] . Metabolic engineering tomato carotenoids has been extensively studied and some achievements have been made [205, 206] . Related patents [132, [207] [208] [209] [210] [211] [212] [213] [214] [215] [216] including methods of terpenoids for disease treatment, transgenic plants with increased pro-Vitamin A (Golden Rice) and Vitamin E are listed in Table 4 .
LONG-CHAIN POLYUNSATURATED FATTY ACIDS (LCPUFAs)
Dietary essential fatty acids and LCPUFAs are critically important for fetal and infant development because of their essential roles in cellular growth and metabolism, and membrane structure and function [217, 218] . It has been suggested that inadequacy of LCPUFAs may lead to a failure to accomplish a specific component of brain growth and irrevocable damage because both the brain and the retina are rich in arachidonic acid and docosahexaenoic acid and rely on them for their normal functions [217] . Most infant formulas contain dietary essential fatty acids and LCPUFAs as supplements, except for various vitamins and minerals. Both epidemiologic and clinical studies have demonstrated that dietary omega-3 type polyunsaturated fatty acids decrease the risk of cardiovascular disease [219] . Sources of plant-derived LCPUFAs include flaxseed, flaxseed oil, walnuts, canola oil, and soybean oil [219] . Plant oils that are used for human consumption are comprised essentially of five main fatty acids, the saturated palmitic and stearic acids, monounsaturated oleic acid, and the polyunsaturated linoleic and α-linolenic acids [220] . Significant advances have been made recently in developing higher plants that synthesize LCPUFAs. These efforts have the potential to eventually provide safe, affordable and renewable plant sources of these important nutritional fatty acids, such as arachidonic acid, eicosapentaenoic acid and docosahexaenoic acid [221, 222] . More recently, eicosapentaenoic acid and docosahexaenoic acid have been produced in Brassica juncea with a highyield [223] . Several patents are listed in Table 1 .
ESSENTIAL AMINO ACIDS
Among 20 amino acids that are used in protein biosynthesis, several amino acids are called essential amino acids for all mammals because mammals cannot synthesize them by themselves but have to take up from plant foods or other food sources. Due to important roles of essential amino acids, many nutraceutical formulas also contain these amino acids ( Table 1) . L-Arginine is an essential amino acid for infants and growing children, as well as for pregnant women. L-arginine is essential for the synthesis of creatine, urea, polyamines, nitric oxide, and agmatine. Arginine may be considered an essential amino acid in sepsis; rats receiving arginine-supplemented parenteral nutrition showed an increased ability to synthesize acute phase proteins when challenged with sepsis. L-arginine also exerts antihypertensive and antiproliferative effects on vascular smooth muscles. In addition to lysine and threonine, sulfurcontaining amino acids such as methionine and cystine are also essential for human being. Glutamine is considered a conditionally essential amino acid in metabolic stress. Depletion of plasma and muscle glutamine is observed in acute burn injury and contributes to muscle wasting, weight loss, and infection. Glutamine supplementation has been shown to benefit to patients and reduces the rate of mortality and length of stay [224] . Elevating the levels of essential amino acids in staple foods such as wheat, rice, corn, and other plants has been studied for many years [225] . Related patents for engineered crops [226] [227] [228] [229] [230] [231] [232] [233] [234] [235] [236] [237] [238] [239] [240] with increased storage proteins of good essential amino acid sources have been issued as listed in Table 5 .
TRANSGENIC PLANTS TO PRODUCE PHARMA-CEUTICALLY IMPORTANT PROTEINS
The production of proteins, such as vaccines, antibodies, and other pharmaceutically important proteins in plants has been studied for over fifteen years [241, 242] . Affordable and reliable vaccines are some of the most powerful weapons for human beings to fight against diseases. However, due to the high costs of traditional vaccines (production, maintenance and delivery), people in many developing countries who are most in need of the various kinds of vaccines still cannot use them. In past years, plant biotechnologists have been able to produce recombinant vaccines in transgenic plants in the laboratory. Significant advantages are associated with the production of medicinal proteins in transgenic plants over traditional production ways. These include the fact that they are edible oral vaccines, are inexpensive due to "on site" production, and are safer due to no other undesired pathogenic antigens. The number and variety of successfully produced vaccines in transgenic plants, proven by vaccine effectiveness tests, are continuously increasing, including heat-labile toxin B subunit of E. coli (LTB) [243] , Hepatitis B surface antigen [244, 245] , respiratory syncytial virus F protein [246] , measles virus haemagglutinin [247] and norwalk virus capsid protein [248] . A multi-component oral vaccine against acute gastro-enteric diseases [249] has been successfully expressed in plants and delivered orally in animals or humans to determine their immunogenicity. Scientists from Stanford University generated a therapeutic vaccine produced from tobacco plants, which prevented the growth of non-Hodgkin's lymphoma cells in laboratory mice and enabled the animals to survive the disease. However, there are still problems in commercial production of pharmaceutically important proteins. Such problems include low productivity of target proteins, quality and homogeneity of the final product [250] .
One of the major limitations of the expression of recombinant antigens in transgenic plants is low yield of expressed proteins that is not sufficient to confer total protection in humans. Although antibodies can be expressed with yields reaching 8% of total soluble protein [251] , most examples of recombinant antigen production are low and rarely exceed 0.4% of total soluble proteins [241] . The low yield mainly results from poor expression, rapid degradation, or wrong targeting. Yet, researchers have used chloroplast transformation to increase non-glycoproteins (often bacterial antigens), and have achieved yield of somatostatin for more than 7 % total soluble proteins [252] . Because of the presence of plant-specific glycan, many vaccines that are glycoproteins could not be properly processed with the glycosylation machinery in plant cells and therefore are not immunogenic in mice [253] . Co-overexpression of some mammalian glycosylation processing enzymes such as glycosyl-transferases11 with vaccine-producing plants may help to gain their activity or antigenicity . It is expected that production of pharmaceutically important proteins in plants will realize its largest potential eventually (Table 6 and 7). 
ABSORPTION AND METABOLISM OF NUTRA-CEUTICALS AND PHYTONUTRIENTS
Since the purpose of consuming nutraceuticals and phytonutrients is to incorporate them into our body and to allow them to build overall health and to treat some diseases, we assume that our bodies could absorb these important compounds as much as possible. However, many important nutraceuticals and phytonutrients are not fully absorbed in the human body. This conclusion is based on studies of the absorption of several nutrients; however, the exact percent absorption of most nutraceuticals and phytonutrients has yet to be determined. Information on their metabolism in the human body is also lacking. Therefore, absorption and metabolism of all nutrients and health-beneficial phytonutrients in humans, needs to be investigated. For some nutrients, improving their rate of absorption may be a more important target than enhancing their production, since a current bottleneck in alleviating nutrient deficiencies is the poor absorption.
Even for such important and common nutraceuticals as vitamins, which have been discovered for almost two centuries, their absorption and metabolism from food sources are not fully understood. For water-soluble vitamins such as Vitamin C and Vitamin Bs that are very essential for maintaining normal functions, their absorption rate and metabolism capability is relatively high and easer to study. Fat-soluble vitamins such as Vitamin A, E, D, K, are not so easy to study for absorption and metabolism from food sources are not well understood. Human can not synthesize Vitamin A, and it is mainly obtained from animal foods, but for many developing countries, such as China, where people eat more plant foods, Vitamin A is primarily obtained from plant foods that contain various pro-vitamin A carotenoids. Intestinal absorption and metabolism of carotenoids in cell culture models have been studied [293] . Beta-carotene-15,15'-oxygenase was identified as a key enzyme in the conversion of carotenoids to vitamin A. Recently, Tang et al. [294] reported the absorption of beta-carotene from spinach and carrot foods by using intrinsically labeled betacarotene. Conversion ratio of spinach beta-carotene was 20:1 and carrot beta-carotene was 14:1 in adult subjects. The absorption, metabolism, and active forms of many plant secondary metabolites in humans remain to be determined.
CURRENT & FUTURE DEVELOPMENTS
Although nutraceuticals and phytonutrients have significant promise in the promotion of human health and disease prevention, health professionals, nutritionists and regulatory toxicologists also could strategically work together to plan appropriate regulations to provide the ultimate therapeutic benefits to mankind [12, 86] . The nutraceutical, phytonutrient, and phytotherapy markets are still not well regulated [6, 11, 85] . Concerns from scientists, professionals, and customers continuously arise, due to increases in the use of these products and therapies. Quality, safety, long-term adverse effects, and toxicity are primary concerns. For manufacturing processes of nutraceuticals and phytonutrient products, quality controls such as the composition and contents of active constituents in natural plants, and maintenance are critically important. To establish product safety and efficacy, extensive safety studies including acute, subacute, subchronic, chronic and long-term toxicity studies, reproductive toxicology, as well as supplementation studies in animals and clinical trials in humans are necessary. The safety assessment of botanicals and botanical preparations in food and food supplements is complicated and should at least involve the characterization and quality of the material, its quality control; the intended use and consequent exposure; toxicological information, and risk evaluation [55, 295] . Although these concerns exist, governments, scientists, nutritional professionals, and other related parties are making great efforts to build the nutritional product and therapeutic system markets. Advances in biotechnology at different levels will greatly enhance these markets, as well as other technologies in diagnosis, product quality control, service style, etc. In this era of genomics, cDNA oligonucleotide microarray technology has emerged as a powerful tool. The potential of this technology in diagnostics is promising. Similar to DNA fingerprint technology and epigenetic studies, the technology may someday be able to identify each individual's genetic background and accordingly nutrient conditions. Based on this information, nutrition professionals could prescribe an improved dietary supplement for the individual. The DNA microarray technology may be used to examine the safety and efficacy of drugs, chemicals, food supplements and nutraceuticals [296] . With advances of analytic technique, now it is feasible to do metabolic screening on the newborns to predict or find out possible metabolic diseases, which may be treated with particular nutritional therapy or phytotherapy [297] . For plant biotechnology, although concerns about unintended effects of transgenic crops or plants on humans and the environment is warranted, stopping the use of these beneficial biotechnological products only because of unproven worries is unfortunately misguided. In summary, agricultural, food, and biomedical biotechnology continue growing as a nonstop to change our life, the potential is high that one day our foods will also serve as medicines.
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